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ABSTRACT
PART I
GRAVIMETRIC DETERMINATION OF PALLADIUM 
WITH DI-2-THIENYLKETOXIME
In this work the reaction between palladium(II) and di-2- 
thienylketoxime in strong hydrochloric acid solution to form 
dichlorobis (di-2-thienylketoxime-N, N') palladium(ll) in 
quantitative yield has been applied to the gravimetric deter­
mination of palladium in the presence of a large number of 
diverse cations and anions. A statistical comparison has also 
been made between the developed procedure and the standard 
dimethylglyoxime procedure for bivalent palladium. The 
procedure was studied to determine such factors as oxime 
solubility and complex solubility in acidic alcohol solutions, 
effect of pH, effect of alcohol concentration, effect of 
reagent concentration, range of palladium concentration 
applicable and effect of stirring time.
11
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PART II ,
GRAVIMETRIC DETERMINATION OF GOLD 
WITH DI-2-THIENYLKETOXIME
The reaction between di-2-thienylketoxime and gold(ill) 
ion has been studied in order to set up a gravimetric method 
for the determination of gold. The precipitate formed was 
analyzed for carbon hydrogen and gold. The reagent and gold 
reacted quantitatively to precipitate gold. This fact was 
used to set up a gravimetric procedure for determining gold 
in the presence of a large number of diverse cations and anions. 
A statistical study has also been made on the developed 
procedure. The procedure was studied to determine such factors 
as variation of reagent concentration, range of gold concent­
ration applicable, best oven temperature for drying, temper­
ature limits for developing the complex and development time.
PART III
NEPHELOMETRIC DETERMINATION OF GOLD 
WITH DI-2-THIENYLKETOXIME
In this work the reaction between gold(lll) and di-2- 
thienylketoxime has been applied to the nephelometric 
determination of gold. A large number of cations and anions
iii
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were tested. The procedure was studied to determine such 
factors as effect of gelatin as a stabilizing reagent, effect 
of pH, time of developing, optimum concentration of reagent, 
temperature effects, optimum dioxane content and reproducibil­
ity.
IV
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PART I
GRAVIMETRIC DETERMINATION OF
PALLADIUM
WITH
DI-2-THIENYLKETOXIME
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I
INTRODUCTION
The most important type of precipitating reagent for 
palladium contains the oxime group. The standard reagent 
for palladium is dimethylglyoxime (1). Many oxime reagents 
have appeared in the literature for the determination of 
palladium, such as ]3-furfuraldoxime (2) and 1,2-cyclohexane- 
dioxime (3)- Examples of other reagents used to determine 
palladium are 8-mercaptoquinoline.(4) and dalzin (5)* In 
this laboratory 2,2'-dipyridyl ketoxime has been found to be 
a gravimetric reagent for palladium (6).
A survey of the literature reveals a lack of information 
regarding thiophene derivatives in complex formation with the 
transition metals. A previous investigation of the complex 
formation of bivalent palladium and 2-thienyl-trans-aldoxime 
has been carried out (?)• Other thiophene derivatives studied 
were thenoyltrifluoroacetone for the partial separation of 
zirconium and hafnium (8) and the formation of extractable 
chelates of many elements (9)- The stability constants of 
metal complexes of 2-thiophene-carboxylic acid have also been 
reported (10).
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An investigation of the complex formation of bivalent 
palladium and di-2-thienylketoxime has been carried out (11). 
The purpose of the present work was to extend the application 
of thiophene derivatives to analytical problems. In particular 
procedures were developed for the gravimetric determination of 
bivalent palladium (12), the gravimetric determination of ter- 
valent gold (13) and a nephelometric determination of tervalent 
gold (14) using di-2-thienylketoxime. Previously, di-2-thienyl- 
ketoxime was also used to determine bivalent palladium nephel- 
ometrically (15)*
Di-2-thienylketoxime can be synthesized and purified by 
the method outlined in a previous publication (11). In strong 
hydrochloric acid solution di-2-thienylketoxime and bivalent 
palladium were found to form dichlorobis(di-2-thienylketoxime- 
N,N') palladium(ll) in quantitative yield.
HCl OLcjp
N-OH HO—  N
or'io
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o
The yellow complex has a melting point of 212-214 C. 
Calculated for PdC^gH^^ClgNgS^: N, 4.70; Cl, 11.87; Pd, I7 .8 5
Found; N, 4 .5 8; Cl, 11.85; Pd, 1 7.8 5.
In the present work the above has been applied to the gravi­
metric determination of bivalent palladium in the presence 
of a large number of diverse cations and anions.
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CHAPTER II 
EXPERIMENTAL 
Materials and Methods 
Di-2-Thienylketoxime Ethanol Solution 
A 2 percent di-2-thienylketoxime solution in ethanol was 
prepared with absolute ethanol. This reagent is stable at 
room temperature.
Palladium Standard Solutions 
A standard palladium(ll) chloride stock solution was 
prepared by dissolving a known amount of palladium(II) 
chloride, dried over sulfuric acid, in concentrated hydro­
chloric acid with heating and then diluting to volume with 
distilled water. Purified reagent grade palladium(ll) 
chloride from Fisher Scientific Company (Canada) was used. 
This material was analyzed gravimetrically by precipitation 
with dimethylglyoxime using a standard procedure (l6). It 
was found that the reagent, for all practical purposes, was 
100 percent anhydrous palladium(II) chloride. The stock 
solution was determined each time a fresh bottle was made. 
Each milliliter of solution contained an exactly known amount 
of palladium(ll) chloride-approximately 1 mg. of palladium.
Solutions of Diverse Ions 
Reagent grade salts were used in the preparation of in-
4
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5organic ions. All cations were added as chlorides, sulfates, 
or nitrates. Sodium, potassium, or ammonium salts were used 
for anion studies.
PROCEDURES
Procedure for the Determination of Palladium 
A volume of the palladium(ll) chloride solution contain­
ing either approximately 12 or 22 mg. of palladium(ll) ion 
was transferred by pipet to a 25O ml. beaker, diluted to 
approximately 95 ml * with distilled water and the pH adjusted 
to 0.8-0.9 by adding 1:1 hydrochloric acid dropwise. The di- 
21-thienylketoxime solution was added dropwise from a cali­
brated pipet with vigorous stirring using a magnetic stirring 
bar of 3 *5-ml. volume. In solutions containing approximately 
12 mg. of palladium(II) a total of 67 mg. of the reagent was 
added. For solutions containing approximately 22 mg. of 
palladium(ll) a total of 107 mg. of the reagent was added. 
Sufficient ethanol was added to make the solution 6 percent in 
alcohol content. The solution was stirred for 45 minutes and 
allowed to stand overnight. The supernatant solution was 
decanted through a weighed glass filtering crucible leaving 
the bulk of the precipitate and 30 ml. of mother liquor in the 
beaker. To this was added 20 ml. of an 81.5 percent ethanol 
solution for the 22-mg. region sample and 20 ml. of an 80 per-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
cent solution to the 12 mg. sample and the resulting solution 
was stirred for 3 hours; filtered through the glass filtering 
crucible and the yellow precipitate washed with 50 ml. of a 5 
percent ethanol solution containing 5 drops of concentrated 
hydrochloric acid. The precipitate was finally washed with a 
few milliliters of water, dried at 110°C. for one hour, and 
weighed. The gravimetric factor is O.I78 6.
Procedure for the Statistical Comparison Between the 
Di-2-Thienylketoxime Procedure and the 
Dimethylglyoxime Procedure for Palladium 
A statistical comparison was made between this procedure 
and the standard dimethylglyoxime procedure (I6). Class S 
metric certified weights purchased from Fisher Scientific 
Company (Canada) were used for all weight measurements. The 
vernier of the chain balance was calibrated. The method of 
long swings was employed for all weight measurements (I7). 
Certified Class A liter flasks were used. These certified 
liter flasks were accurate to within - 0.3 ml. at 20°C. accord­
ing to 3 independent examiners. The standard solution was 
thermostatted at 20.0 - 0.1°C. The flasks were purchased 
from Corning Glass Works. Class A certified pipets were 
ordered from H.J. Eliott Limited. These pipets had been cali­
brated at 20°C. by 3 independent examiners. The procedures
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7using di-2-thienylketoxime and dimethylglyoxime (l6) were 
followed for calculated values of 12.01 and 22.01 mg. of 
palladium(ll).
Procedures for the Elimination of Interferences 
Due to Foreign Ions
Chromate Ion
To the sample beaker containing palladium(ll) chloride 
and 50 mg. of chromate as the potassium salt was added 5OO mg. 
of ferrous chloride to reduce chromium(Vl) to chromium(III) 
which does not interfere. The pH was adjusted and the normal 
procedure followed.
Cyanide Ion
To the sample beaker containing palladium(ll) chloride 
and 50 mg. of cyanide added as the sodium or potassium salt 
was added concentrated hydrochloric acid and the sample was 
boiled for 5-6 hours. The hydrochloric acid was replenished 
as required until the cyanide was eliminated as hydrogen 
cyanide. The sample was evaporated, the pH adjusted and the 
outlined procedure followed.
Iodide Ion
Chlorine was passed through a solution containing 
palladium(ll) chloride and 50 mg. of iodide as the sodium or 
potassium salt. The solution was heated until the resulting
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8iodine was eliminated. The sample was evaporated, the pH 
adjusted and the outlined procedure was followed.
Silver(l) Ion
The silver chloride formed was filtered, the pH of the 
filtrate adjusted and the outlined procedure followed.
Gold Ion
To a solution containing palladium(ll) chloride and 50 m g . 
of gold(lll) as the chloride was added 1 gm. of sodium nitrite 
(17). The sample was heated for 20 minutes and the elemental 
gold was filtered. The filtrate was evaporated to 20 ml., 
the pH adjusted and the outlined procedure followed.
Tin(II) and Tin(IV) Ions
No satisfactory procedure for the elimination of inter­
ferences due to tin(11) or tin(IV) could be developed.
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CHAPTER III 
RESULTS
Solubility of Di-2-Thienylketoxime and the 
Dichlorobis(di-2-thienylketoxime-N,N')
Palladium f II Complex
The solubility of the pure oxime and complex(II) were 
determined in ethanol solutions under the conditions outlined 
in the procedure. An excess of oxime or complex was added to 
250 ml. of ethanol solution and stirred for 3 hours at 22°C. 
Ihe excess oxime or complex was filtered. Two hundred ml. of 
the filtrate was transferred to a weighed evaporating dish. 
iTie solution was carefully evaporated to dryness and the 
residue weighed. Each value in Table I was an average of 6 
determinations. In an actual sample the solubility of the 
complex was probably depressed because of an excess of oxime.
Study of Variation of Acidity 
The pH was adjusted between 0.1 and 1.2. The results 
given in Table II are an average of at least 3 determinations. 
Ihe calculated palladium(ll) content was 10.04 mg. The out­
lined procedure was followed. The most satisfactory results 
were obtained in the pH range 0.8 to O.9 as indicated in 
Table II.
9
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TABLE I
SOLUBILITY OF DI-2-THIENYLKETOXIME AND 
DICHLOROBIS(DI-2-THIENYLKETOXIME-N,N') 
PALLADIUM(II) AT 22°C.
Percent
Ethanol
Oxime 
Solubility 
in Mg.per 50 Ml.
Complex 
Solubility 
in Mg.per 5O Ml.
0 2.2 0.4
10 5.0 0.4
20 8.6 0.3
. 30 20.2 0.4
40 60.2 1.1
45 80.0 1.6
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TABLE II 
EFFECT OF VARIATION OF pH
pH
Palladium
Found
Mg.
Deviation from 
.Calculated 
10.04 Mg. of 
Palladium
0 .15 No development
0 .2 5 6 .8 5 -3 . 1 9
0 .3 0 5 . 9 9 -4 .0 5
0 .3 5 5 . 6 8 -4 . 3 6
0.40 8 .3 5 -1 .6 9
0 .5 0 8.40 -1.64
0 .55 9 .8 0 -0 .2 4
0 .6 0 9 .9 3 -0 .1 1
0 .65 9 .8 0 -0.24
0 .7 0 9 .7 0 -0 .3 4
0 .75 9 .8 6 -0 .1 8
0 .8 0 1 0 .0 0 . 0
0 .81 1 0 .0 . 0 . 0
0 .8 2 10.0 0.0
0.84 10.0 0.0
0 .8 5 10.0 0.0
0.86 10.0 0.0
0 .9 8 10.0 0.0
1.00 10.2 . +0.2
1.20 10.4 +0.4
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Study of Variation of Alcohol Concentration 
The alcohol content of the sample was varied by adding 
different concentrations of alcohol to bring the volume of 
the sample from 30 ml. to 50 ml. The percent ethanol in 
Table III refers to the final percent ethanol by volumes.
Table III gives the value obtained which is an average of 3 
or more determinations. From Table III the best alcohol 
concentration range was 35-5 to 38.0 percent.
Study of Variation of Reagent Concentration Added 
The amount of di-2-thienylketoxime added to samples 
containing 9.55, 19-99 or 19.32 mg. of palladium(ll) was 
varied. The theoretical amount of reagent required was 38.2,
80.0 and 77-3 mg. respectively. The results in Table IV and 
Table V are an average of at least 3 determinations. Table 
IV corresponds to 9-55 mg. of palladium(ll) and Table V 
corresponds to 19-99 or 19-32 mg. of palladium(II). For 9-55 
mg. of palladium the best amount of reagent to add was between 
43-0 to 66.0 mg. For 19-99 mg. of palladium the optimum 
amount of reagent to add was between 86 to 110 mg.
Study of Variation of Palladium Concentration 
The amount of palladium determined was varied to deter­
mine the palladium concentration limits. The results given 
in Table VI are an average of 6 determinations. The limit was 
23 mg. of palladium.
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EFFECT OF
TABLE III 
VARIATION OF ETHANOL
13
CONCENTRATION
Percent
Ethanol
Palladium
Found
Mg.
Deviation from 
Calculated 
19.10 Mg. of 
Palladium
30.8 19.40 +0.30
33.8 19.21 +0.11
35.5 19.10 0.00
38.0 19.07 -0.03
40.0 19.06 -0.04
42.0 18.96 -0.14
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T A B LE  I V
EFFECT OF VARIATION OF REAGENT CONCENTRATION
Reagent Added 
per Sample 
in Mg.
Palladium Found 
per Sample 
in Mg.
Deviation from 
Calculated 
9.55 Mg. of 
Palladium
40.0 9.35 -0.20
42.0 9.48 -0.07
44.0 9.55 0.00
50.0 9.58 +0.03
60.0 9.56 +0.01
66.0 9.56 +0.01
70.0 9.70 +0.15
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TABLE V
EFFECT OF VARIATION OF REAGENT CONCENTRATION
Reagent Added 
per Sample 
in Mg.
Palladium
in
Mg.
Palladium 
Found in
Mg.
Deviation
in
Mg.
83.0 19.99 19.86 -0.13
86.0 19.99 20.02 +0.03
88.0 19.99 19.99 0.00
90.0 19.99 19.99 0.00
96.0 19.32 19.34 +0.02
99.0 19.32 19.34 +0.02
100.0 19.32 19.31 -0.01
100.0 19.99 19.99 0.00
110.0 19.32 19.30 -0.02
110.0 19.99 19.97 -0.02 *
120.0 19.99 20.30 +0.34
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EFFECT OF
TABLE VI 
VARIATION OF PALLADIUM CONCENTRATION
Palladium Palladium Deviation
Taken Found
Mg. Mg. Mg.
9.55 9.56 +0.01
12.01 11.98 -0.03
19.99 19.99 0.00
20.77 20.76 -0.01
22.01 22.00 +0.01
23.05 23.05 0.00
29.84 30.96 +1.12
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study of Variation of Time of Stirring 
The time of stirring the precipitate to make sure the 
excess oxime was dissolved was varied. The results in Table 
VII are an average of 3 determinations. The optimum time 
of stirring from the results was 3 hours.
Results of the Statistical Study 
Table VIII gives the results obtained by the di-2-thienyl- 
ketoxime procedure and the standard dimethylglyoxime procedure 
for a calculated palladium content of 12.01 mg. Table IX gives 
the results obtained for the 22.01 mg. of palladium. The 
theoretical value of palladium in pure palladium(ll) chloride 
is 60.01 percent. In the 22-mg. region, the average value of 
20 determinations found by di-2-thienylketoxime was 59-97 per­
cent with a standard deviation of 0.12 percent and the average 
value found by the standard dimethylglyoxime method was 59-84 
percent with a standard deviation of 0.13 percent. In the 12- 
mg. palladium(11) region, the average value of 21 determin­
ations found by the di-2-thienylketoxime method was 6O.OI per­
cent with a standard deviation of 0.13 percent and the average 
value of 20 determinations found by the standard dimethyl­
glyoxime procedure was 59-85 percent with a standard 
deviation of. 0.45 percent.
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TABLE VII
EFFECT OF VARIATION OF TIME OF STANDING
Time
Stirred
in
Minutes
Palladium 
Added 
in . 
Mg.
Palladium
Found
in
Mg.
Deviation
in
Mg.
0 9.55 9.85 +0.30
120 9.55 9.76 +0.21
180 9.55 9.53 -0.02
210 9.55 9.57 +0.02
0 19.99 20.20 +0.21
120 19.99 20.05 +0.06
150 19.99 19.99 0.00
180 19.99 19.98 -0.01
210 19.99 19.98 -0.01
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TABLE VIII
RESULTS OBTAINED FROM THE STATISTICAL STUDY 
Palladium Concentration 12.01 Mg.
Palladium Found by the 
Dimethylglyoxime 
Procedure 
Mg.
Palladium Found by the 
Di-2-thienylketoxime 
Procedure 
Mg.
11.98 11.99
11.98 12.01
12.04 11.99
11.98 12.06
12.01 12.01
12.16 12.01
12.01 12.01
11.82 11.99
11.86 12.03
12.14 12.03
11.88 11.99
11.95 12.01
12.01 11.97
11.89 12.05
12.04 11.99
12.04 11.99
11.92 11.96
12.01 12.03
12.01 12.03
11.82 12.05
11.99
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TABLE IX
RESULTS OBTAINED FROM THE STATISTICAL STUDY 
Palladium Concentration 22.01 Mg.
Palladium Found by the 
Dimethylglyoxime 
Procedure 
Mg.
Palladium Found by the 
Di-2-thienylketoxime 
Procedure 
Mg.
21.98 21.99
21.98 21.96
21.94 21.98
21.86 22.05
21.95 21.96
21.92 21.98
21.95 21.96
22.04 22.03
22.01 22.01
22.01 22.00
21.91 22.06
21.92 21.94
21.92 22.03
21.89 22.05
. 21.92 21.94
21.95 22.03
22.01 21.96
21.98 . 22.04
21.95 22.06
22.01 22.06
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
Effect of Diverse Ions on the Determination of Palladium(II)
A large number of diverse cations and anions were tested 
to see their effect on the determination of bivalent palladium. 
The results of this study are given in Table X. From the 
results in Table X, it was seen that gold(ill), chromate, 
cyanide, tin(ll) and silver(l) interfered.
Results of the Elimination of Interferences 
The results of the elimination of interferences are given 
in Table XI.
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TABLE X 
EFFECT OF DIVERSE IONS
50 Mg. of Diverse Ion Added in Each Case
Palladium Palladium Deviation
Diverse Ion Added
Found Mg. 
Average of
Mg. 3 Results Mg.
Na^[NaCl] 20.77 20.75 -0.02
k '^ [k c i ] 20.77 20.76 -0.01
n h;J[n h^c i ] 20.77 20.72 -0.05
Mg^^fMgClg] 20.77 20.77 0.00
SO^[MgSO^] 20.77 20.77 0.00
Ni+2^Miclg] 20.77 20.75 -0.02
Rh‘^ ^[RhCl^] 20.77 20.75 -0.02
Ca+2[caS0^] 20.77 20.74 -0.03
Ir+S^ircl^] 20.77 20.78 +0.01
Pb+^[Pb(NO^)g] 20.77 20.81 +0.04
NO"[Pb(NO^)g] 20.77 20.81 +0.04
Co+Z^ coClg] 20.77 20.76 -0.01
20.77 20.74 -0.03
Pt+Z^KgPtCl^] 20.77 20.80 +0.03
Ac [NaAc] 20.69 20.69 0.00
Br [NaBr] 20.69 20.71 +0.02
PO^'^fKHgPO^] 20.69 20.67 -0.02
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TABLE X (contd.)
Diverse Ion
Palladium
Added
Mg.
Palladium 
Found Mg. 
Average of 
3 Results
Deviation
Mg.
Fe^^fFeClg] 20.51 20.57 +0.06
Fe+^^peClg] 20.69 20.67 -0.02
Cr^^[CrCl2] 23.05 23.05 0.00
AsO\-3[(NH^)2HAsO^] 20.51 20.47 -0.04
Os+8[OsO^] 20.51 20.49 -0.02
Au+SfHAuCl^jSHgO] 20.77 21.37 +0.60
CN" [ KCN] 21.51 Pd(CN)g precipitates
SN+2[SNClg] 20.51 Pd metal precipitates
l“ [NaI] 20.51 Pdig precipitates
Ag^^fAgNOg] 20.51 AgCl precipitates
CrO^'^CK^CrO^] 20.51 19.86 -0.64
.SN+4[SNCl4, 5HgO] 20.51 interfered
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RESULTS 
50 Mg. of
TABLE XI 
OF ELIMINATIONS 
Interfering Ion
OF INTERFERENCES 
Added in Each Case
24
Diverse Ion
Palladium Palladium
-, . Found Mg. Added , _ 
.Average of
Mg. 3 Results
Deviation
Mg.
23.08 23.08 0.00
CN” [ KCN] 23.08 23.09 +0.01
l"[KI] 23.08 23.09 +0.01
23.08 23.07 -0.01
Au+SfHAuCl^jSHgO] 23.08 23.09 +0.01
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CHAPTER IV 
DISCUSSION
The recent synthesis of di-2-thienylketoxime in this lab­
oratory (11) and the study of its reactions with palladium(ll) 
have made it possible to establish a method for the quantit­
ative determination of palladium. At 35 to 36 percent ethanol 
concentration the solubility of the oxime was 30 mg./50 ml. while 
the solubility of thé complex was 0.5 mg./50 n^ l- from Table I. In 
an actual sample determination, the solubility of the complex 
is depressed because of an excess of oxime.
Since the reaction is pH dependent, it was important to 
study the effect of pH on the yield of the complex. It was 
observed that as the pH was increased, the complex weight 
increased until at pH 0.8 the theoretical amount of complex 
was obtained between pH 0.8 to O.98. Beyond this pH the 
complex yield was unpredictable.
Since the oxime and the complex have limited solubility 
in alcoholic solutions, it was important to study the effect 
of alcohol concentration. It was observed that as the per­
cent ethanol was increased, excess oxime was dissolved and 
the complex weight obtained agreed with the theoretical 
weight expected. As the alcohol content was increased, the 
complex started to dissolve and the filtrate took on a yellow
25 202186
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tinge. This was expected from the solubility data (Table i).
The optimum alcohol concentration was about 35 to 36 percent 
or 20 ml. of 80 percent to 8l-5 percent ethanol added to the 
30 ml. of mother liquor which was 6 percent alcohol.
Since the alcohol concentration is fixed it was important 
to study the amount of excess reagent that can be tolerated 
(Table III). For 9*55 mg. of palladium(ll) 43 to 66 mg. of 
oxime can be tolerated (Table IV). This corresponds to 12.5 
to 70.2 percent excess oxime since the theoretical amount of 
oxime required was 38.2 mg. The small excess of oxime is probably 
required to suppress the complex solubility. The upper limit 
corresponds to 2J.8 mg. excess oxime which is the oxime solub­
ility limit for 35*6 percent alcohol concentration. For 19.99 
mig. of palladium(ll) 86 to 110 mg. of oxime can be tolerated 
(Table V). This excess corresponds to 7-5 to 37*5 percent 
excess oxime since the theoretical amount of oxime required 
was 80 mg. Again the 6 mg. excess oxime is probably required 
to suppress the complex solubility. The upper limit corre­
sponds to 30 mg. excess oxime which is the oxime solubility 
for 36.2 percent alcohol concentration.
The amount of palladium determined was varied to see the 
palladium concentration limit (Table Vl). The method was 
applicable up to 25 mg. of palladium.
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since it is important to make sure excess oxime is dis­
solved a study of the variation of time of stirring was made. 
% e  results given in Table VII showed that for 9*55 mg. and 
19.99 mg. of palladium(ll) 3 hours of stirring time were 
required.
A statistical study has also been made between this 
procedure and the standard dimethylglyoxime procedure for 
bivalent palladium. The results are given in Table VIII and 
Table IX. The theoretical value of palladium in pure 
palladium(ll) chloride is 6O.OI percent.. In the 22-mg. 
palladium(ll) region, the average value of 20 determinations 
found by the di-2-thienylketoxime method was 59*97 percent 
with a standard deviation of 0.12 percent and the average 
value of 20 determinations found by the standard dimethyl­
glyoxime procedure was 59*84 percent with a standard deviation 
of 0.13 percent. In the 12-mg. region correspondingly the 
percent palladium(ll) on the basis of 20 determinations was 
60.01 percent and for the dimethylglyoxime method 59*85 per­
cent. The standard deviation was 0.13 and 0.45 percent 
respectively.
In practical applications foreign ions will be encountered 
so it was important to study the effect of diverse ions on the 
determination of palladium(ll). The results in Table X show
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that only gold(ill), chromate, cyanide, tin(ll), iodide and 
silver(l) interfere. The results of the elimination of these 
interferences are found in Table XI. Chromate was reduced to 
chromium(lll) by the addition of iron(ll) chloride. To elim­
inate the interference due to cyanide, the sample was boiled 
with concentrated hydrochloric acid to expel the cyanide as 
hydrogen cyanide. Interference due to iodide was eliminated 
by bubbling chlorine gas through the sample solution to 
oxidize iodide to iodine which evaporates when heated on a 
hot plate. For silver(l) the silver chloride formed was 
simply filtered. Sodium nitrite was added to separate gold as 
the metal which was filtered. The filtrate was evaporated 
and treated as stated in the procedure. No rapid satisfactory 
method could be found to eliminate the interference due to 
tin(ll) or tin(lV).
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
In the present work, the application of di-2-thienyl- 
ketoxime to the gravimetric determination of palladium(II) 
was successful. The reaction between palladium(ll) ion 
and di-2-thienylketoxime to form dichlorobis(di-2-thienyl- 
ketoxime-N,N')palladium(II) in quantitative yield in strong 
hydrochloric acid solution was studied to determine such 
factors as solubility of oxime and complex in acidic alcohol 
solutions, effect of pH, effect of variation of alcoholic 
concentration on the determination, effect of reagent concen­
tration, range of palladium concentration applicable, effect 
of variation of stirring time, statistics, effect of foreign 
ions and elimination of the interferences of those ions that 
interfere.
The gravimetric determination of palladium with di-2- 
thienylketoxime is a very accurate and very reproducible 
method for determining palladium(II). The standard deviation 
is lower than the standard deviation obtained with the stand­
ard dimethylglyoxime method. This was expected since the 
gravimetric factor for the di-2-thienylketoxime complex is 
more favourable than the dimethylglyoxime palladium(II) 
complex, 0.1786 as versus O.3I67. Palladium is associated 
with the platinum group of metals, gold and silver. The
29
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platinum group of metals, ruthenium, rhodium, osmium, irridium 
and platinum (palladium also belongs to this group) do not 
interfere in at least two and one-half fold excess. The 
silver chloride formed when silver was present was simply 
filtered and the normal procedure followed. Thus, silver which 
is associated with palladium posed no problem. Finally, gold 
which is associated with palladium was reduced and filtered. 
"]:hus, the palladium procedure outlined above may be employed 
for determining palladium in alloys or minerals. The above 
work is quite useful and may have some interesting and import­
ant applications since the procedure just developed is just as 
specific as dimethylglyoxime as a reagent for palladium and is 
more sensitive.
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PART II
GRAVIMETRIC DETERMINATION OF 
GOLD 
WITH
DI-2-THIENYLKETOXIME
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CHAPTER I 
INTRODUCTION
Standard procedures for the gravimetric determination of 
gold usually involve reduction to the metallic state and 
weighing in this form. One difficulty encountered with such 
procedures is the separation of the gold in a very finely 
divided state with the subsequent possibility of some loss on 
filtration. A wide variety of organic and inorganic reducing 
agents have been used (19)* Beamish et al (20) reported the 
quantitative precipitation of gold in cold solution. This is 
the standard procedure for determining tervalent gold.
A number of organic précipitants quantitatively 
precipitate tervalent gold which can be easily transferred 
and filtered without loss (I9). Most of these compounds, 
however, do not have a constant composition and cannot easily 
be washed free of impurities. This necessitates ignition and 
weighing as metal which sacrifices the advantages of a 
favourable gravimetric factor. An example of this is the use 
of dimethylglyoxime to determine tervalent gold (21).
According to Beamish there were only 6 reagents listed in 
the literature that form complexes suitable for the direct 
weighing of the gold complex (I9).
Gold has been determined by precipitation at a pH of
31
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0.5 to 1.0 as the bis(trimethyl)hexamethylene diammonium 
tetrabronioaurate(rii) complex. Palladium(ll) and platinum 
interfered.
Mukerji showed that thioglycollic acid can be utilized 
for the gravimetric estimation of gold (23). The complex 
was isolated and weighed as CgH^O^S Au. The complex 
precipitated from 6 molar hydrochloric acid solution. Platinum 
interfered.
Mahr and Denck have used Reinecke's salt for the precip­
itation of gold to produce two weighing forms (ig), Au[Cr(NH2)g 
(SCN)^].HgO when dried at 105°C. and the anhydrous salt 
when dried at 170°C.
Harvey and Yoe (24) have reported the use of the sodium salt 
of N-(N-bromo-C-tetradecylbetanyl)-C-tetradecyl betaine as a 
reagent for gold. The precipitate had the empirical formula 
C^gH^gNgO^AuBr^. Drying was done as 85°C. and the complex 
weighed directly. The precipitation was from 1 normal 
hydrochloric acid. Many elements interfered including platinum.
The other two reagents listed by Beamish were thiophenol 
and Thionalide (19)- Thiophenol (25) gave a gold complex 
that contained 64.36 percent gold.
More recently, Kordzakevich and Rudenko used a gold 
complex formed with 8-mereaptoquinoline and chloride ion to
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determine gold gravimetrically (26). The gold and 8-mercapto- 
guinoline reacted at pH 4.0 to 4.2 in 1:1, 1:2, 1:3, and 1:4 
molar metal, to ligand ratios to form AuCl^Sx, AuClSx^, AuSx^ 
and HAuSx^ v . re HSx was 8-mercaptoquinoline. Small quantities 
of gold were determined as HAuSx^^. The precipitate was dried 
at 80 to 90°C.
In the present work di-2-thienylketoxime was used for 
the gravimetric estimation of gold (13). The complex which 
formed between pH 2.4 to 3.0 was dried in an oven at 70°C. 
to constant weight. Platinum did not interfere. Di-2- 
thienylketoxime gravimetrically precipitated gold(ill) as a 
complex with the empirical formula Au[C^H^NOS^]^OH. Gold(lll) 
chloride hydrolyzed to [AuCl^OH] ^ (27) which reacted with 
2 molecules of the reagent to give Au[C^H^NGS^]^OH and two 
protons.
o1 The orange complex melted at 93 to 95 C. In the present 
work the above has been applied to the gravimetric determination 
of gold(ill) in the presence of a large number of diverse 
cations and anions.
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CHAPTER II 
EXPERIMENTAL 
• Materials and Methods 
Di-2-Thienylketoxime 
This reagent was synthesized and purified by the method 
outlined in a previous publication (ll). A 2 percent solution 
was prepared by dissolving the reagent in Fisher (Canada) 
certified reagent dioxane.
Gold Standard Solutions 
A standard gold(ill) chloride stock solution was prepared 
by dissolving a known amount of gold(ill) chloride in distilled 
water and diluting to volume. Reagent grade gold(lll) chloride 
from Fisher Scientific Company (Canada) was used. This 
material was standardized gravimetrically by the hydroquinone 
method (20). It was found that the reagent contained the 
minimum amount of gold specified. Each milliliter of solution 
contained an exactly known amount of gold(ill) chloride 
approximately 1 mg.
Solutions of Diverse Ions 
Reagent grade salts were used in the preparation of 
solutions of inorganic ions. All cations were added as chlorides, 
nitrates, sulfates or perchlorates. Sodium, potassium, 
ammonium, aluminum or calcium salts were used for diverse anions.
34
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PROCEDURES 
Procedure for Determining Gold 
An aliquot containing up to 22 mg. of gold as the 
chloride was transferred to a 400 ml. beaker and diluted to 
250 ml. with distilled water. The pH was adjusted to 2.4 
to 3*0 with hydrochloric acid or potassium hydroxide. To a 
50 ml. beaker between 6.5 and l4.5 mg. of reagent plus 2.125 
mg. for each mg. of gold was added. No more than 53 mg. of 
oxime should be added to the system. The solution was diluted 
to 20 ml. with dioxane. This was added dropwise to the gold 
solution with stirring. The resulting solution was diluted 
to approximately 300 ml. with distilled water and allowed to 
stand 12 hours. The precipitate was filtered through a 
medium porosity sintered glass filter, washed with a total 
of 500 ml. of 4 percent dioxane water solution and dried at 
YO°C. to constant weight. The weight of gold present was 
calculated by multiplying the weight of the precipitate by
0.3123.
Procedure for the Statistical Study of the 
Di-2-Thienylketoxime procedure for Gold(lll)
A statistical study was made with the developed procedure 
on a gold(ill) chloride solution standardized by the standard 
hydroquinone method (20). Class S certified weights purchased 
from Fisher Scientific Company (Canada) were used for all
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weight measurements. Certified Class A liter flasks purchased 
from Corning Glass Works were used to make the standard 
gold(lll) solution. Class A certified pipets ordered from 
H. J. Eliott Limited were used. The procedure using di-2- 
thienylketoxime was followed for a l4.77 mg. per sample of 
gold(lll) as determined by the hydroquinone method. The 
arrangement for doing the above statistical study was similar 
to that outlined in Part I for the statistical study of the 
palladium determination.
Procedures for the Elimination of Interferences
Due to Foreign Ions 
Bromide, iodide, mercury(ll), ruthenium(lll), iron(lll), 
palladium(ll), bismuth(ill), tin(iv) and silver(l) interfered. 
Bromide and Iodide Ions
Chlorine was passed through a solution containing gold(lll) 
and 10 mg. of bromide or I5 mg. of iodide as the potassium salt. 
The solution was heated until the resulting iodine or bromine 
was eliminated. The sample was evaporated, the pH adjusted 
and the outlined procedure followed.
Iron(lll)
To the sample beaker containing gold(ill) chloride and 
10 mg. of iron(lll) as the nitrate was added 25 mg. of 
fluoride ion as the sodium salt. The pH was adjusted and the
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normal procedure followed.
Mercury(ll), Ruthenium(lll), Palladium(ll), Bismuth(lll) and 
Tin(lV)
The gold was precipitated as the metal with hydroquinone 
(20), igniting the filter paper, dissolving the gold residue 
in aqua regia, evaporating to dryness, adding concentrated 
hydrochloric acid 3 times and evaporating to near dryness 3 
times. The residue was diluted with water and the recommended 
procedure followed.
Silver Ion
Interference due to silver ion added as the nitrate could 
not he readily eliminated.
Large Amounts of Chloride
If a large amount of chloride ion was present, any 
interference can he eliminated hy a prior hydroquinone 
separation of the gold.
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CHAPTER III 
RESULTS
Composition of the Gold Complex 
The precipitate was isolated according to the procedure 
outlined above and analyzed for gold, hydrogen and carbon. 
Elemental analysis showed the compound to be a 1:2 complex 
containing one hydroxide group. The hydrogen and carbon
analysis was done by Spang Microanalytical Laboratory. The 
percent gold was determined by igniting the precipitate and 
weighing the residue.
Calculated for Au[ C^H^NOS^] ^ OH: C, 34.29;' H, 2.08; Au, 31.23
Found: C, 34.12; H, 2.08; Au, 31.14.
Table XII gives the results obtained from igniting the
complex to obtain the gold content.
Formation of the Gold Complex 
The next step was to determine the protons given off per 
gold atom. This was done as follows : To a beaker containing
100 mg. of gold(lll) dissolved in 600 ml. of water was added 
hydrochloric acid or potassium hydroxide to bring the pH to
3.0 (a few drops of O.lN hydrochloric acid was required). To 
a second beaker 400 mg. of oxime dissolved in 65 ml. of dioxane 
and 55 ml. of water was added. The pH was adjusted to pH 3.0.
The oxime solution was added in 5 ml. aliquots over a 6 hour
38
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TABLE XII
RESULTS OBTAINED FROM IGNITION OF THE COMPLEX
Weight of Complex 
Mg.
Weight of Gold 
Mg.
Percent
Gold
38.80 12.10 31.18
143-5 45.50 31.70
85.50 26.50 31.05
77.31 24. 20 31.30
150.6 46.29 30.74
153.6 47.40 30.86
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period. The pH was maintained at 3*0 by titrating with 
0.1001 normal potassium hydroxide. The results are given in 
Table XIII. The volume of 0.1001 potassium hydroxide used 
corresponded to 2 moles of hydrogen ion per mole of gold.
One hundred mg. of gold corresponded to x 10 ^ moles.
Therefore, the expected number of moles of hydrogen ion would 
be 1.02 X 10 moles. A 10.20 ml. volume of 0.1001 normal 
potassium hydroxide corresponded to 1.02 x 10 moles. Blanks 
were run to see if anything else contributed to the acidity. 
The above experiment was repeated first with no gold present 
and then with no reagent present. Any other contributions 
to pH changes were negligible. The final volume was 800 ml.
Study of Variation of Acidity 
The pH of the procedure was varied between 1.5 and 5*0 
with 0.01 normal hydrochloric acid or 0.01 normal potassium 
hydroxide. The results are given in Table XIV. The pH of 
the sample was 2.1 before adding acid or base.
Study of Variation of Dioxane Concentration 
The dioxane concentration was varied by adding different 
amounts with the reagent. Table XV shows the results 
obtained.
Effect of Reagent Concentration 
The amount of di-2-thienylketoxime added was varied but
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TABLE XIII 
RESULTS OF THE TITRATION OF PROTONS
Volume of Oxime Volume of O.IOOIN Potassium
Ml. Hydroxide to return pH to 3-0
Ml.
5 0.30
10 0.60
15 1.00
20 1.20
25 1.60
3 0 1.60
35 2.00
#
40 2.20
45 2.40
50 2.40
55 2.50
60 2.70
65 3.10
70 3.40
75 4.01
80 4.00
85 4.00
90 4.40
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95 4.60
100 5* 50
105 6.50
110 6.70
115 6.70
120 7-00
5 minutes after addition of reagent 7-50
30 minutes after addition of reagent 8.00
90 minutes after addition of reagent 8.6O
120 minutes after addition of reagent 9-10
150 minutes after addition of reagent 10.2
180 minutes after addition of reagent 10.2
240 minutes after addition of reagent 10.2
300 minutes after addition of reagent 10.2
360 minutes after addition of reagent 10.2
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TABLE XIV 
EFFECT OF VARIATION OF pH
pH Gold Found 
Mg.
Deviation from Calculated 
15.0 Mg. in Mg.
1.5 (l.ON HCl 
used)
10.7 -4.3
2.0 11.7 -3.3
2.4 15.0 0. 0
2.4 15.0 0.0
2.5 15.0 0.0
2.7 15.0 0.0
2.8 14.9 -0.1
3.0 15.0 0.0
3.5 15.4 +0.4
5.0 15.7 +0.7
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TABLE XV
EFFECT OF VARYING DIOXANE CONCENTRATION
percent
Dioxane
Gold Found 
Mg.
Deviation from Calculated 
15.0 Mg. in Mg.
2 15.9 +0.9
4 15. 4 +0. 4
5 15.2 +0. 2
6 15.1 +0.1
6.6 15.0 0.0
7 14.8 -0.2
8 14.2 -0.6
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the dioxane added was maintained at 20 ml. The results are
given in Tables XVI, XVII and XVIII.
Effect of Oven Temperature
The precipitate was dried for 1 1/2 hours at 65 to 75°C.
without decomposition. Below 65°C. it takes too long to dry
the sample and above 80°C. one can see a slight amount of
decomposition.
Variation of Temperature for Complex Formation
The complex was allowed to develop in water baths. The
complex formed between 20 and 30°C. was suitable for gravimetric
work. Above 30°C. the complex yield was not quantitative, 
oBelow 15 C. the reaction was too slow. The suspension took 
longer to develop and settle.
Effect of Gold Concentration on the Procedure 
The accuracy of the method is indicated in Table XIX.
The values in this table were an average of at least 6 
determinations.
Results of the Statistical Study 
The results are given in Table XX. For 14.77 mg. of
gold the standard deviation was O.O5 mg.
Results of the Foreign Ion Study 
The results are given in Table XXI. The gold found was
an average of at least 2 determinations. Bromide, Iodide,
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TABLE XVI
EFFECT OF VARYING REAGENT CONCENTRATION 
Gold Taken 15*0 Mg. Reagent Required 31*9 Mg.
Excess Reagent 
Mg.
Gold Found 
Mg.
Deviation
Mg.
6.0 14.7 -0.3
6.4 14.9 -0.1
7.0 ■ 14.9 -0.1
8.0 15.0 0.0
9.9 15.0 0.0
12.1 15.1 +0.1
15.4 15.2 +0.2
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TABLE XVII 
EFFECT OF VARYING REAGENT CONCENTRATION
Gold Taken 10.0 Mg. Reagent Required 21.2 Mg.
Excess Reagent 
Mg.
Gold Found 
Mg.
Deviation
Mg.
6.8 10.0 0.0
7.8 10.0 0.0
8.8 10.1 +0.1
10.8 10.0 0.0
12.8 10.0 0.0
14.8 10.3 +0.3
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TABLE XVIII 
EFFECT OF VARYING REAGENT CONCENTRATION 
Gold Taken 5*00 Mg. Reagent Required 10.6 Mg.
Excess,Reagent 
Mg.
Gold Found 
Mg.
Deviation
Mg.
7-4 5.00 0.00
9. 4 5.05 +0.05
11.4 4.95 -O.05
11.4 5.05 +0.05
12.4 5.11 +0.11
l4.4 4.98 -0.11
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EFFECT
TABLE xiX 
OF VARIATION OF GOLD
49
CONCENTRATION
Gold Added Gold Found Deviation
Mg. Mg. Mg.
5.0 5.0 0.0
10.0 10.0 0.0
15.0 15.0 0.0
20.0 20.1 +0.1
22.0 22.1 +0.1
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TABLE XX
RESULTS OBTAINED FROM THE STATISTICAL STUDY
Weight of Complex 
Mg.
Gold 
Found Mg.
Deviation from Calculated 
14.77 Mg. of Gold in Mg.
47.38 14.80 +0.03
47.45 14.82 +0.05
47.05 14.70 -0.07
47.45 14.82 +0.05
47.07 14.70 -0.07
47.45 14.82 +0.05
47.31 14.78 +0.01
47.50 14.84 +0.07
47.42 14.81 +0.04
47.36 14.79 +0.02
47.13 14.72 -0.05
47.39 14.80 +0.03
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE XXI 
EFFECT OF DIVERSE IONS
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Diverse Ion 
Added
Diverse
Ion
Mg.
Gold
Added
Mg.
Gold
Found
Mg.
Deviation
Mg.
Mg [MgfNOg)^, 6HgO] 50 15.0 15.0 0.0
15 15.0 15.0 0.0
Ca+Z^cafNOgjg, ^HgO] 50 15.0 15.0 0.0
15 15.0 15.1 +0.1
Ba+Z^BafNOgjg] 50 15.0 15.0 0.0
15 15.0 15.0 0.0
Sr+Z^srfKOg)^] 50 15.0 15.0 0.0
15 15.0 15.0 0.0
Be+Z^BefNOg)^, SH^O] 50 15.0 13.5 -1.5
15 15.0 14.5 -0.5
5 15.0 15.0 0.0
Na+[NagSO^] 50 15.0 15.0 0.0
15 15.0 15.0 0.0
K^fKNO.] 50 15.0 15.1 +0.1
15 15.0 15.0 0.0
V+S^NHj^VOg] 50 15.0 14.9 . -0.1
15 15.0 15. 0 ■ 0.0
Cr+3[CrK(S0^)2, 12HgO] 50 15.0 13.9 -1.1
15 15.0 14. 4 -0.6
5 15.0 14.9 -0.1
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TABLE XXI (continued) 52
+ 6
Mn'""^[MnSO^, 4HgO]
Re+ffRe^Oy]
Fe‘^3[Fe(NO^)2, SHgO]
Co+2[co(clO^)g, 6HgO]
Ni+2[Ni(N02)g, GHgO]
Cu+2[cu(N0^)2, HgO]
Zn+2[zn(N02)2, ÔHgO]
Cd+Z^cdOKOg)^, kn^o]
Hg+2[Hg(N02)g]
Ru*3[RuCl^]
Os^®[OsO^]
Rh^^^Rh^NOg)^]
5.0 15.0 No development
15 15.0 14.9 -0.1
50 15.0 15.0 0.0
15 15.0 15.0 0.0
50 15.0 14.9 -0.1
15 15.0 14.9 -0.1
50 15.0 No development
15 15.0 No development
50 15.0 15.0 0.0
15 15.0 15.0 0.0
50 15.0 15.0 0.0
15 15.0 15.0 0.0
50 15.0 15.0 0.0
15 15.0 15.0 0.0
50 15.0 14.8 -0. 2
15 15.0 l4.8 -0.2
50 15.0 15.0 -0.0
15 15.0 14.9 -0.1
50 15.0 No 'development
15 15.0 No 'development
50 15.0 No development
15 15.0 No •development
50 15.0 15.0 0.0
15 15.0 15.0 0.0
50 15.0 15.0 0.0
15 15.0 15.1 +0.1
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TABLE XXI (continued) 
Ir+SfKglrCNOg)^]
Pd+2[pd(N02)g]
+4
Pt [PtCl^, 2HC1, ÔHgO] 
Al+3[Al2(S0^)2, l6HgO]
T1^^[T1N02]
Sn'^^[SnCl^, 5HgO]
Pb+Z^pt^NOg)^]
Bi'^^[Bi(NO^)^, HgO]
UOg+^^uOgCNDg)^, ÔHgO]
NH^‘^ [NH^NO^] 
N0y"[Ca(NO2)2, 4HgO] 
S0%"2[Ai2(SO^)2, lÔHgO] 
C10^"[Co(Cl0^)g, ÔHgO]
53
50 15.0 No development
15 15.0 No development
5 15.0 15.0 0.0
50 15.0 Pd complex
15 15.0 Pd complex
50 15.0 15.0 0.0
15 15.0 15.0 0.0
50 15.0 15.0 0.0
15 15.0 14.9 -0.1
50 15.0 15.0 0.0
15 15.0 15.0 0.0
50 15.0 white precipitate
15 15.0 white precipitate
50 15.0 14.9 -0.1
15 15.0 15.0 0.0
50 15.0 BiOCl precipitates
15 15.0 BiOCl precipitates
50 15.0 15.2 +0. 2
15 15.0 15.1 +0.1
50 15.0 15.0 0.0
15 15.0 15.0 0.0
150 15.0 15.0 0.0
50 15.0 15.1 +0.0
100 15.0 15.0 0.0
33 15.0 15.1 +0.1
166 15,0 15.0 0.0
50 15.0 15.0 0.0
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TABLE XXI (continued) 54
50 15.0 14.6 -0.4
15 15.0 15.0 0.0
50 15.0 14.9 -0.1
15 15.0 15.0 0.0
COj'^CNa^COj] 15 15.0 14.4 -0.6
5 15.0 15.0 0.0
F”[NaF] 50 15.0 13.8 -1.2
15 15.0 15.0 0.0
Cl”[KCl] 15 15.0 14.5 -0.5
10 . 15.0 15.0 0.0
5 15.0 15.0 0.0
Br”[KBr] 50 15.0 No precipitate
15 15.0 No precipitate
l"[KI] 50 15.0 No precipitate
.15 15.0 No precipitate
Ag"^ [ AgNO^] 50 15.0 Gold coprecipitated 
With AgCl
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mercury(II), ruthenium(lll), iron(lll), palladium(ll), 
bismuth(lll), tin(iv) and silver(l) interfered.
Results of Elimination of Interferences 
The results of the elimination of interferences are 
given in Table XXII. The results were an average of at 
least 3 samples.
Time of Standing 
When the reagent was added to the gold solution the 
finely divided precipitate formed coagulates slowly. The 
orange suspension formed settled completely in 12 hours.
The precipitate was readily and rapidly filterable. The 
suspension must be given time to coagulate or filtration is 
hard to carry out and a small amount of colloidal suspension 
may pass through the filter.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
TABLE XXII 
RESULTS OF ELIMINATION OF INTERFERENCES
Diverse Ion 
Added
Diverse
Ion
Mg.
Gold
Added
Mg.
Gold
Found
Mg.
Deviation
Mg.
Br“[KBr] 10 15.0 14.9 —0.1
l“[Kl] 15 15.0 15.0 0.0
Cl“[NaCl] 240 15.0 15.0 0.0
Fe^^[Fe(NO^) 3, SHgO] 10 15.0 14.9 —0.1
Pd+Z^pdclg] 50 15.0 15.0 0.0
Ru*3[RuCl^] 50 15.0 15.0 0.0
Bi'^^[BiCl^, HgO] 50 15.0 15.1 +0.1
+4Sn [SnCl^, 5HgO] 100 15.0 15.0 0.0
2' «2''] 50 15.0 14.9 —0.1
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CHAPTER IV 
DISCUSSION
The study of the reaction between tervalent gold and 
di-2-thienylketoxime from an analytical point of view has 
made it possible to establish a method for the quantitative 
determination of gold gravimetrically. Since there were 
only 7 methods to determine gold by weighing a complex and 
thus benefiting by a gravimetric factor the work done to set 
up a procedure for gold has some important consequences.
The composition of the gold complex isolated under the 
mean conditions of the procedure indicated that the complex was 
a two to one complex with one hydroxide group. One would 
expect a planar configuration for ions such as tervalent
gold which has one d-orbital available for bond formation.
2In such a situation dsp hybridization occurs and a square 
planar structure results. The analysis obtained, 2 moles of 
oxime and one mole of hydroxide for each mole of gold can be 
explained if one considers bridging between 2 atoms of gold 
by 2 hydroxide groups, or by considering a metal sulfur bond 
as shown later. Bridging structures of the type mentioned 
are quite common for gold halogen complexes where 2 atoms 
of gold are bridged by 2 halogen atoms (27) in the following 
way:
57
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X
X
Au Au
X \X
X
X
In solutions of gold(ill) chloride the pH is in the acid 
region, depending on the amount of gold(ill) chloride dis­
solved. The following reaction is known to occur:
^2*^. - +
H O  + HAuCl^,3H g O  > [AuCl^OH] + H + 3H2O + HCl
. Although there was no experimental evidence to indicate 
whether coordination was with the nitrogen of the oxime group 
rather than the sulfur of the thiophene ring or both, never­
theless the coordinating ability of the oxime group and the 
very strong donor properties of the oxime nitrogen are very 
well known (28). Further, one would expect the donor ability 
of the sulfur to be decreased because of resonance with the 
unsaturated ring.
A possible structure is;
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A second possible structure is
JOc 
11
N,
0 ^  '^Au
O yC^0 ------ H
or isomers.
Both of these structures satisfy the composition 
requirements. The infrared spectrum of the complex gave a 
large peak at 1180 cm ^ which is due to the N-0 group. The 
reagent gave no band near ll80 cm ^ but gave a very large 
band at 975 cm  ^which was expected for N-O-H. This was 
similar to other oximes studied (29)* Infrared analysis did 
not give evidence for OH bridging at IO5O cm since the oxime 
absorbs strongly in this region. No sulfur metal infrared 
bands have been studied in the literature. A possible method 
for differentiating between these two possibilities would be 
x-ray diffraction.
The results also indicated that 2 protons were liberated 
per atom of gold. Both proposed structures would give 2 
protons per atom of gold.
Since the reaction was pH dependent, it was important
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to study the effect of pH on the complex yield. It was 
observed that as the pH was increased the complex yield 
increased until pH 2.4, where the theoretical amount of 
complex was obtained as shown in Table XIV. The theoretical 
amount of complex was obtained between pH 2.4 to 3.0. Beyond 
this pH the composition of the complex was unpredictable.
Since the oxime and the complex were soluble in 
dioxane it was important to study the effect of dioxane 
concentration on the procedure. It was observed from 
Table XV that the best concentration range was 5*5 to 6.8 
percent dioxane. The procedure outlined above used 6.6 
percent dioxane which was the optimum concentration of 
dioxane.
Since the dioxane concentration was fixed it was necessary 
to study the effect of excess reagent (Tables XVI, XVII and 
XVIII). The stoichiometric amount of reagent plus between 
6.5 to 14.5 mg. of reagent was required. Below this amount 
precipitation was incomplete while above this amount the 
precipitate composition was uncertain. For 10 mg. of gold 
this corresponded to between 30 and 70 percent excess di-2- 
thienylketoxime. A total of 53 mg. of reagent which 
corresponded to an upper limit of 22 mg. of gold was accept­
able.
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Results showing the accuracy are in Table XIX. The 
hydroquinone method developed by Beamish and accepted as the 
standard method to determine gold was used to standardize 
the gold. The standard deviation from twelve replicate 
determinations using a calculated amount of gold(ill) equal 
to 14.77 mg. per sample was found to be O.O5 (Table XX).
The standard deviation for the thioglycollic acid method 
(23) for 30 mg. of gold was O.I5 milligrams.
The results from the foreign ion study showed that a 
large number of foreign ions do not interfere (Table XXl) 
up to a 3-fold excess. These were magnesium(ll),
calcium(ll), barium(ll), strontium(ll), sodium, potassium, 
vanadium(v) , manganese(II) , rhenium(VIl), cobalt(ll), nickel(li'), 
copper(ll), zinc(ll) , cadmium(ll') , osmium(vill), rhodium(lll), 
platinum(iv), aluminum(lll), thallium(l), lead(ll), uranium(vi), 
ammonium, nitrate, sulfate, perchlorate and phosphate.
Bichromate, molybdenum(Vl') and fluoride can be tolerated in 
equal amounts while beryllium(ll),chromium(III), iridium(lli) 
and carbonate can be tolerated to the extent of 5 mg. of ion. 
Chloride can be tolerated up to 10 mg. of ion. It is 
important to mention that of the platinum metals platinum(iv), 
osmium(vill) and rhodium(m) can be tolerated in at least 3 fold 
excess of gold. Iridium(lll) can also be tolerated but only
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to the extent of 5 mg. of ion. Palladium(II) and ruthenium(III) 
interfered but can be easily eliminated. So, gold can be 
determined in the presence of the platinum group of metals. 
Bromide, iodide, mercury(ll), ruthenium(lll), iron(lll), 
palladium(ll), bismuth(lll), tin(iv) and silver(l) interfered 
and the results of the elimination of interferences due to 
these ions are given in Table XXII. Mercury(ll), ruthenium(lll), 
palladium(ll), bismuth(lll) and tin(iv) as well as large 
amounts of chloride were easily and rapidly eliminated by 
precipitating the gold with hydroquinone and still retain the 
favourable gravimetric factor. Bromide and iodide can 
probably be tolerated in larger amounts than 10 mg. and I5 mg. 
if the chloride produced was eliminated by separating the 
gold with hydroquinone. Iron(ill) interference was removed 
by fluoride ion to complex the iron. One must not add too 
milch fluoride as free fluoride can only be tolerated in 
equal amounts.
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
In the present work, the application of di-2-thienyl- 
ketoxime to the gravimetric determination of tervalent gold 
was successful. The reaction between gold(lll) ion and 
di-2-thienylketoxime to form a complex A u [ C ^ H ^ N O S ^ ] i n  
quantitative yield at a pH 2.4 to 3.0 was studied to determine 
such factors as, effect of variation of dioxane, effect of 
variation of pH, effect of variation of reagent concentration, 
range of gold(lll) concentration applicable, best oven temp­
erature for drying, temperature limits for developing the 
complex, statistical study, effect of foreign ions, elimination 
of interferences and development time.
The gravimetric determination of tervalent gold with 
di-2-thienylketoxime was accurate and reproducible. Since 
there are very few methods available for determining gold as 
a complex the procedure outlined above could have some 
interesting and important implications. The fact that this was 
a weighing form for gold in which platinum does not interfere 
is important since these 2 metals are found together. In the 
platinum group of metals osmium(VIIl), rhodium(lll), and 
platinum(iv) can be tolerated in at least 3 fold excess. 
Iridium(lll) added as potassium hexanitroiridate was tolerated
63
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to the extent of 5 ^9* P^r sample. Ruthenium(III) and 
palladium(II) interferences were readily eliminated with 
hydroquinone. The platinum metals either do not interfere 
or can easily he separated from gold. This was important 
since gold and platinum metals are associated. Gold is 
often found alloyed with bismuth, copper and lead. Bismuth 
can be readily separated from gold by reducing the gold 
with hydroquinone and filtering the metallic gold as ment­
ioned above. Copper and lead do not interfere in at least 3 
fold excess of either of these metals. Thus, the gold content 
of bismuth, copper and lead alloys should be rapidly deter­
minable by the outlined procedure.
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NEPHELOMETRIC DETERMINATION OF 
GOLD 
WITH
DI-2-THIENYLKETOXIME
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CHAPTER I 
INTRODUCTION
Investigation of the analytical reactions between di-2- 
thienylketoxime and the two metals palladium and gold were 
described in Part I and Part II of this paper. Further 
investigation of the complex formation between tervalent gold 
and di-2-thienylketoxime showed the possibility of its 
application as an analytical reagent for the nephelometric 
determination of gold(lll). The purpose of this work was to 
develop a nephelometric method for the determination of 
microgram quantities of tervalent gold with di-2-thienylketoxime.
Of the several methods generally recommended for the 
determination of microgram quantities of gold, as indicated 
by Beamish (30, 31), the best procedures were spectrophoto- 
metric methods employing bromide, tin(ll) or rhodanine.
With the exception of the orange bromoaurate ion and the 
yellow chloroaurate ion the colorimetric methods for gold 
involve absorptivity measurements on colloidal gold solutions, 
on the colored oxidized product of the organic precipitant, 
or an organic extract of the colloidal suspension. A 
colored gold organic complex, soluble in aqueous media has 
been developed in this laboratory (32).
Tin(ll) has been used for a long time for the detection
65
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of gold. The purple of Cassius produced can be used semi- 
quantitatively for determining gold. The purple color was 
formed in acid solutions below O.O5 normal. Sandell reported 
a colorimetric procedure based on the purple colloid. There 
were many interferences.
A number of aminobenzylidene rhodanine derivatives (30), 
which formed complexes with gold(l) soluble in organic 
solvents were used to determine gold spectophotometrically in 
fractional ppm concentrations.
0-Tolidine or 3,3’-dimethylbenzidine can be used to 
determine gold and according to Beamish (30) the color 
arises from the oxidation of tolidine.
For more detail and a more extensive list of reagents 
used for gold, the articles listed above (30,31) are two 
excellent review articles.
A survey of the literature revealed that only thionalide 
may be used to determine gold nephelometrically (33)-
Di-2-thienylketoxime in dioxane solution reacted with 
microgram quantities of gold(ill) as the chloride in slightly 
acid solution to form a pale yellow colloidal suspension 
indicating that the reagent can be applied to a nephelometric 
determination of gold(lll). The reaction between the gold(lll) 
ion and di-2-thienylketoxime in dioxane solution was then 
investigated to determine such factors as optimum
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concentration of reagent, effect of time of standing, pH, 
temperature, stabilizing reagents and effect of concentration 
of other ions on the reaction.
A standard nephelometric procedure was developed for the 
determination of tervalent gold of concentration over the 
range 1-4 ppm.
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CHAPTER II 
THEORY
The theory behind nephelometry can be found in a number 
of texts (34, 35, 36). The colorimeter, turbidimeter, 
nephelometer, and fluorophotometer all depend on the measure­
ment of the intensity of light transmitted, reflected or 
produced through fluorescence by particles suspended in a 
liquid. The particles may be molecules or somewhat larger 
particles but in all cases their concentration must govern 
the magnitude of the observed effect. The transmission of a 
clear but colored solution relative to a standard is measured 
with a colorimeter. The transmission of a turbid suspension 
that may or may not be classified as colloidal is measured with 
a turbidimeter. This is analogous to a colorimeter. The 
nephelometer or tyndallmeter is an instrument made to measure 
the amount of light scattered by suspended particles reflected 
laterally by an intense beam of white or monochromatic light.
This is similar to the fluorophotometer or fluorimeter but 
the light observed is produced by fluorescence rather than by 
scattering.
Tyndallmeters are used to measure the tyndall ratio; 
or ratio of the intensity of the scattered light to the intensity 
of the incident light. Nephelometers are used in procedures
68
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where the intensity of the scattered light from a sample is 
compared directly with that from a solution of known 
concentrations.
Nephelometry is applied to quantitative reactions where 
a fine, colorless or lightly colored insoluble precipitate 
is formed. Precipitates can be obtained in the form of a 
fine homogeneous suspension stable for 15 minutes or more by 
using lyophilic protective colloids or ionic peptizing 
agents.
Errors involved in nephelometry arise from the preparation 
of the suspension more than instrumental and observational 
errors. The accuracy and reproducibility is therefore a 
reflection of the ability to obtain reproducible suspensions. 
The temperature, the quantity of reagent, protective colloid, 
foreign ion, the rate and even the order of addition should 
not be changed in the slightest once the optimum conditions 
have been decided upon.
The requirements of a nephelometric suspension are 
insolubility of the precipitate, absence of dark color, low 
concentration, i.e. below 0.1 mg. per ml., homogeneous 
suspension, stability for at least 10 minutes and concentration 
of standard not more than 4 times that of the sample.
Lord Rayleigh showed that the intensity of the scattered
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light varies inversely as the fourth power of the wavelength 
for small particles. This is not valid for the majority of 
nephelometric determinations even when monochromatic light 
is employed. It has not been possible to establish a theoretical 
formula connecting concentration and reflected radiant energy 
consequently it is essential to use calibration curves 
obtained under the same conditions of measurement.
Theoretically speaking, nephelometric analyses are 
supposed to obey Beer’s Law. When the medium is densely 
filled with particles, however, secondary scattering becomes 
of importance and causes deviation from Beer's Law. Therefore, 
in most nephelometric determinations a calibration curve 
must be constructed.
In spite of the many adverse factors, nephelometry 
and turbidimetry have important applications in analytical 
chemistry. In biochemistry it is applied in the analysis of 
blood, spinal fluid, urine and proteins, in the standardization 
of vaccines and in bacteria counting (37)* Nephelometry 
becomes important if no good color reaction is available and 
a relatively insoluble precipitate may be made as is the case 
of sulfate ion which is estimated in the form of a suspension 
of barium sulfate (38). Other common examples are calcium (39), 
phosphorous (40), tantalum (4l), chlorine (42, 43, 44, 45, 46),
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nickel (47), sodium (48), fats, oils, acetone, amylase and 
mustardgas (49). Acetone can be determined nephelometrically 
down to 1 part in 333 million.
The usual geometry for measuring light scattered is at 
right angles to incidence (50)• Some designs involve 
reversed scattered light and some at selected angles.
In this work, the scattering of light was measured at 
right angles to the incidence using the Model 7 Coleman 
Photo-Nephelometer. The transmittances of the gold(ill) 
di-2-thienylketoxime suspensions of known concentration were 
determined and a calibration curve was set up by plotting 
scale readings versus concentration on regular graph paper. 
Then, the transmittance of the unknown sample was measured 
and the concentration read from the graph.
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CHAPTER III 
EXPERIMENTAL 
Apparatus
The apparatus employed in this work was the Model 7 
Coleman Nepho-Colorimeter (51)• Particles in suspension 
scatter light by reflection and diffraction. The nephelo­
meter measures light reflected at right angles to the 
incident light and this is directly related to the concent­
ration of the disperse particles.
The measurement is made by projecting an intense, 
optically controlled beam through a standard suspension and 
determining electrically the intensity of the resulting 
scattered light. Five permanent Coleman certified nephelos 
standards adjusted to cover from 0 to 100 nephelos units in 
5 steps are provided with the instrument. Scale extension 
is accomplished by proportionally reducing the response of 
the instrument to a suspension of known value. Thus, if a 
Coleman certified nephelos standard is placed in the instru­
ment, the instrument may be adjusted to read any fraction of 
the true standard nephelos value and the indicating scale 
of the instrument must therefore be multiplied'by the ratio 
of the true nephelos of standard to indicated value on dial 
for subsequent readings to get the absolute reading.
Similarly, scale expansion may be carried out.
72
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w ith  the Model 7 Photo-Nephelometer the blank is
conveniently eliminated electrically by means of the blank
knob. It imposes in the galvonometer circuit a potential
equal to but opposite in direction to that generated in the
photo cells (across from one another at right angles to the
incident light) by the blank. There are two methods to use,
direct reading and null method. Once the nephelometer has
been standardized known sample suspensions can be used to
set up a calibration curve and then the unknown sample can
be determined.  ^  ^ ^ ^
Materials and Methods
Di-2-Thienylketoxime 
The reagent was synthesized and purified by the method 
outlined in a previous publication (ll). A 0.2 percent 
solution in Fisher (Canada) certified reagent dioxane was 
prepared and allowed to stand 3 days before use.
Stabilizing Agent 
A 1 percent solution of U.S.P. grade gelatin was added. 
To 2.5 gm. of granular gelatin was added 200 ml. of distilled 
water and the mixture was heated on a steam bath with 
occasional stirring until dissolved and then diluted with 
distilled water to 25O ml. to make a 1 percent solution. A 
fresh solution was made each day.
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standard Gold Solution 
Fisher (Canada) reagent A.C.S., HAuClj^, SH^O was used.
A solution containing 1 mg. of gold per ml. was prepared by 
dissolving the gold chloride in water. This solution was 
standardized gravimetrically by Beamish's hydroquinone 
method (20). The gold(lll) standard solutions were prepared 
by appropriate dilution.
Solutions of Diverse Ions 
Reagent grade chlorides, nitrates, sulfates or perchlor­
ates were employed in the preparation of solutions of diverse 
cations. Sodium, potassium or ammonium salts were used for 
diverse anions.
PROCEDURES
Procedure for the Nephelometric Determination of Gold 
Gold(ill) stock solution was diluted to give a solution 
containing 6 pug. of gold per ml. The pH was adjusted between 
3.6 to 4.2 with 0.01 normal potassium hydroxide or hydrochloric 
acid. Aliquots containing 50 to 200 pig. of gold were trans­
ferred by pipet to 50 ml. volumetric flasks. Distilled 
water was added to bring the volume of each sample to 35 ml.
The samples were mixed by swirling. One ml. of 0.2 percent 
reagent was added. The samples were again mixed by swirling 
and were allowed to stand in the dark for 6 hours. After
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adding 8 ml. of 1 percent gelatin solution and diluting to 
the mark, the flasks were turned slowly 50 times by wrist 
over a 4-minute interval. The cuvette was nearly filled 
with sample and the transmission was recorded after 1 
minute. The galvanometer sensitivity was set using the 
Coleman certified nephelos standards so that each scale 
division equalled 4 Coleman nephelos units. The largest sample 
concentration for the calibration curve was set to read 
100 percent transmittance by the blank control. Plotting 
the scale readings against gold(lll) concentration gave a 
straight line over the range 1.0 to 4.0 ppm.
Procedure for the Elimination of Interferences 
Bismuth(lll), iron(lll), ruthenium(lll), palladium(ll), 
rhodium(III), silver(l), bromide and iodide interfered. 
Iron(lll)
To a 100 ml. beaker containing 600# of gold(lll) 1 mg. 
of iron(lll) was added as ferric nitrate and diluted to 10 ml. 
Then, 3» 5 mg. of phosphate as sodium phosphate was added.
The yellow white iron phosphate precipitate was filtered.
The filtrate was evaporated and diluted to 100 ml. A 20 ml. 
aliquot was transferred to a 50 ml. flask and the recommended 
procedure was followed. The phosphate remaining was below 
8 ppm.
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Bismuth(lll)
Bismuth(III) was eliminated as follows: To a 100 ml.
beaker introduce 600Y of gold(lll). and O.5 ml. of a solution 
of bismuth nitrate (4.6 mg. of salt) in 0.1 molar hydrochloric 
acid. This was diluted to 5O ml. The white precipitate of 
bismuthoxychloride was filtered and the filtrate was evaporat­
ed and finally diluted to 100 ml. A 20 ml. aliquot was 
transferred to a 50 ml. flask and the recommended procedure 
was followed.
Bromide and Iodide
Bromide and iodide were eliminated as follows: To a
600V of gold(ill) 3 mg. of bromide as potassium bromide was 
added. The volume was adjusted to 20 ml. and chlorine gas 
was passed through the heated sample. The sample was 
evaporated to dryness and diluted to 100 ml. A 20 ml. aliquot 
was treated as in the recommended procedure. In the same way 
interference due to iodide up to I8 ppm was eliminated. 
Ruthenium(lll)
Interference due to ruthenium(lll) was eliminated by 
passing chlorine gas through the solution and evaporating to 
dryness. The residue was diluted to 100 ml. and a 20 ml. 
aliquot was determined in the normal way.
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silver(l), Rhodium(lll) and Palladium(ll)
A sample containing 600 of gold(lll) chloride and 100 
fold excess of one of the above metal chlorides may be 
separated by an isopropyl ether extraction from 6 normal 
hydrochloric acid solution. The gold ether layer was 
evaporated to dryness, heated with aqua regia, and evaporated 
down twice with 5 ml. portions of concentrated hydrochloric 
acid. The samples were diluted to 100 ml. and 20 ml. 
aliquots were transferred to 50 ml. flasks and the recommend­
ed procedure followed.
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CHAPTER IV 
RESULTS
Composition of the Gold Complex■
The suspension was isolated by coagulation by allowing
to stand overnight. The filtered precipitate was analyzed.
Elemental analysis suggested the complex to be a 1:2 complex
containing one hydroxide group. Analysis calculated for
Aurc^H^N0S„1^OH gave the same results as in Part II for the 
^  o  2-‘ 2
gravimetric determination of gold.
Effect of Protective Colloids 
The procedure outlined above was followed. A 1 percent 
gelatin solution (8 ml. for 50 ml. volume) gave the best 
results. Relatively constant readings were observed for a 
1 hour interval. Table XXIII gives the results obtained 
for samples containing 1.00 ppm gold(lll). No scale extension 
was used and the blank knob was turned until a suitable read­
ing could be found such that a decrease or increase in the 
scale reading could be followed. The blank knob was altered 
to give a reading of 4$.0 2 minutes after stirring for 4 
minutes.
Study of Variation of Acidity 
A gold(lll) stock solution was diluted to give solutions
78
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TABLE XXIII 
STUDY OF EFFECT OF GELATIN SOLUTION 
AS STABILIZING REAGENT
Time Minutes Percent Transmittance
2 45.0
8 45.5
14 47.0
20 43.0
26 45.0
32 45.9
35 42.9
40 44.0
45 45.0
54 46.0
60 50.0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8 0
containing 6 ixg. of gold per ml. The pH was adjusted with 
0.01 normal potassium hydroxide or hydrochloric acid and the 
normal procedure followed for 1.20 ppm gold. Samples contain­
ing everything but reagent were prepared with various amounts 
of 0.01 normal potassium hydroxide or hydrochloric acid and 
the pH after diluting to 36 ml. was recorded. In this way, 
the amount of acid or base required to give a certain pH was 
known. The results are given in Table XXIV. The blank knob 
was again adjusted so that a good pH scan could be made.
Blanks gave a flat or constant reading. Blanks were run first 
with everything but reagent present and then with everything 
but gold(lll) present. No scale extension was made.
Effect of Time of Standing 
Suspensions were prepared with gold solutions having the 
same gold content of 1.00 ppm gold in ^0 ml. The same proced­
ure was followed except that the time of standing of the 
solution in the dark after the addition of the reagent and 
before the addition of gelatin solution was varied. It was 
assumed that the reaction was stopped upon the addition of the 
gelatin solution (52). The results are given in Table XXV. 
Constant readings were obtained after a standing period of 5“6 
hours. There was no scale extension. The results for 4.00 ppm 
in 50 ml. are given in Table XXVI. Scale extension 1 scale
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TABLE XXIV
EFFECT OF VARIATION OF pH OF GOLD SOLUTION
pH
Scale Reading for 1.20 
ppm Gold in 50 Ml.
2.0 20.0
2.5 16.0
3.1 12.0
3.5 24.0
3.6 47.0
3.8 47.0
4.0 47.0
4.2 47.0
4.3 21.0
4.5 18.0
4.8 16.0
5.3 6.2
6.7 9.0
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TABLE XXV
EFFECT OF VARIATION OF TIME OF STANDING
Hours Scale Reading 
ppm Gold in
for 1.00 
50 Ml.
2 40.0
3 42.5
4 47.5
5 61.0
5-5 60.0
7.5 62.0
8.0 60.0
9.8 61.0
10.5 61.0
11.3 65.0
11.8 63.0
12.0 61.1
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TABLE XXVI 
EFFECT OF VARIATION OF TIME OF STANDING
Hours
Scale Readings for 4.00 
ppm Gold in 50 Ml.
2 69.0
3 83.0
4 88.3
5.5 90.5
7.5 90.5
8 92.1
9.8 91.0
10.5 89.0
11.3 90.3
11.8 91.5
12.0 90.0
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division equals 4 nephelos.
Reagent Concentration Study 
The following investigations were undertaken to deter­
mine the effect of varying the concentration of di-2-thienyl- 
ketoxime in dioxane. One ml. of dioxane was added but the 
reagent content was varied. Data obtained with no scale 
expansion are given in Table XXVIII. The starting point 
determined by the blank knob was arbitrarily set since con­
sistency was the important thing. This was done for 1.00,
2.00 and 4.00 ppm of gold(ill) in 50 ml. The results are 
given in Tables XXVII, XXVIII and XXIX. In Tables XXVIII 
and XXIX scale extension was used. One scale division was 
equal to 4 nephelos. The starting point was arbitrarily 
chosen with the blank knob. The concentration range for 1-4 
ppm was 1.4 to 2.2 mg. with the 2.2 probably not being the 
upper limit. The concentration decided upon for the procedure 
outlined above was 2.0 mg. The values given in the tables are 
an average of at least 3 runs.
Effect of Variation of Total Amount of Dioxane 
The same procedure outlined was followed’» only the amount 
of dioxane added was varied. The gold concentration was 1 ppm 
in 50 ml. The results are given in Table XXX. The results 
show that 0.8 to 1.2 ml. of dioxane can be tolerated. The 
results are an average of 2 identical runs.
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TABLE XXVII
EFFECT OF CONCENTRATION OF DI-2-THIENYLKETOXIME
Mg. Reagent 
added
Scale. Readings for 1.00 
ppm Gold in 50 Ml'.
0.4 43.0
0.5 51.5
0.6 56.5
0.7 55.0
0.8 57.0
0.9 57.0
1.0 59.0
1.2 60.0
1.4 65.0
1.6 61.0
1.8 58.0
2.0 58.0
2.2 60.0
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TABLE XXVIII 
EFFECT OF CONCENTRATION OF DI-2-THIENYLKETOXIME
Mg. Reagent 
Added
Scale Readings for 2.00 
ppm Gold in 50 Ml.
0.3 29.0
0.4 17.0
0.5 24.8
0.6 24.8
0.7 37.2
0.8 36.0
0.9 53.5
1.0 55.0
1.2 67.0
1.4 64.0
1.6 66.0
1.8 65.0
2.0 68.0
2.2 68.0
2.4 68.0
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TABLE XXIX
EFFECT OF CONCENTRATION OF DI-2-THIENYLKETOXIME
Mg. Reagent 
Added
Scale Readings for 4.00 
ppm Gold in 50 Ml.
0.3 4.0
0.4 52.4
0.5 58.1
0.6 65.0
0.7 69.0
0.8 70.0
0.9 70.0
1.0 77.0
1.2 79.6
1.4 83.2
1.6 85.1
1.8 83.4
2.0 83.4
2.2 85.1
2.4 84.0
2.6 83.0
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T A B LE  XX X
E F F E C T  OF V A R IA T IO N  OF D IO X A N E  CONTENT
Dioxane Added 
Ml.
Scale
ppm
Readings for 1.00 
Gold in 50 Ml.
0.6 50.0
0.7 55.0
0.8 60.0
0.9 60.0
1.0 61.3
1.1 61.3
1.2 61.5
1.3 55.0
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Effect of Variation of Temperature 
Constant readings were obtained between 20 to 25°C. as 
recorded by runs carried out on days in which the laboratory 
temperature was recorded. Above or below these temperatures 
a water bath was used.
Effect of Goldflll) Concentration Study 
The outlined procedure was followed. Gold concentrations 
ranging from 0 to 210^  per 50 ml. were used to determine the 
transmittance versus concentration curve. The sample contain­
ing no gold but everything else normally added was used to set 
the instrument transmittance scale at zero using the blank 
knob. The sample containing everything but reagent registered 
below zero on the transmittance scale. A sample of water and 
a sample containing everything but reagent (4.00 ppm gold) 
gave readings within 1 scale unit of each other. The results 
are given in Figure 1. The instrument sensitivity was set at 
1 scale division equal to 4 nephelos. This was repeated more 
than 3 times under identical conditions. The results were very 
close to each other.
Calibration Curve 
A calibration curve was set up as stated in the developed 
procedure. Ihe largest samples was set at 100 percent trans­
mittance. .The results are given in Figure 2. The values 
obtained represent an average of at least 5 determinations.
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FIGURE 2
CALIBRATION CURVE OF PERCENT TRANSMITTANCE
percent transmittance versus gold concentration between
1-4 ppm. The abscissa corresponds to ppm gold per 50 ml. The 
procedure developed for determining microgram amounts of gold 
was followed.
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From the figure it is seen that the percent transmittance 
versus concentration was linear between 1-4 ppm gold(lll) in 
50 ml. for a sensitivity of 1 scale division equal to 4 
nephelos. The linear relationship extended beyond 4.00 ppm 
but since it was desired that the method be as sensitive as 
possible, the range 1-4 ppm was chosen. A reading of 1.00 ppm 
through 4.00 ppm corresponded to the full scale from 0 to 100 
percent transmittance.
Reproducibility 
Gold(ill) solutions of the same gold content were pre­
pared and determined by the outlined procedure. The results 
are given in Table XXXI. The relative standard deviation for a 
gold(lll) concentration of 2.4 ppm based on eleven replicate 
determinations was - 4 percent.
Determination of Known Samples 
I Known gold(lll) solutions were prepared and the concen­
trations determined. The results are given in Table XXXII.
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TABLE XXXI 
REPRODUCIBILITY
Gold Found 
in ppm
Percent Gold Recovered 
of 2.4 ppm in 50 ml.
2.4 100
2.3 96
2.5 io4
2.4 100
2.3 96
2.4 100
2. 4 100
2.3 96
2. 4 100
2.4 100
2.6 108
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TABLE XXXII
DETERMINATION OF KNOWN SAMPLES OF GOLD CONCENTRATION
Gold Added 
ppm
Gold Found 
ppm
Deviation
ppm
4.20 4.44 +0. 24
3. 60 3.74 +0.14
3.00 2.88 -0.12
2. 40 2. 44 +0.04
1.80 1.80 -0.00
1.20 1.18 —0. 02
Ur Wiüuùüü LiUKMl
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Effect of Diverse Ions 
Suspensions were prepared for solutions containing the 
same concentration of tervalent gold to which had been added 
various amounts of other cations or anions. Readings were 
taken and the results are given in Table XXXIII. The ion 
concentrations stated in the. table were upper allowable limits. 
For sodium and potassium or any limit not stated the limit was 
greater than 100 ppm. The values listed were based on at least 
2 results. Bismuth(III), iron(ill), ruthenium(III), palladium 
(ll), rhodium(ill), silver(l), bromide and iodide interfere. 
Three standards were run containing no foreign ion but con­
tained the same gold content, 2.5 ppm, to set the instrument 
at 45.0 percent transmittance by the blank knob so that no 
interference would give a reading of 45 percent.
Results of the Elimination of Interferences 
The results for the elimination of interferences of bis-
I
rnuth(lll), iron(lll), ruthenium(III), palladium(ll), rhodium 
(ill), silver(l), bromide and iodide are given in Table XXXIV. 
The procedures used are outlined in the section on procedures. 
An iscpropyl ether extraction was made for palladium(ll) to 
demonstrate that palladium(ll) can be eliminated by this method. 
The values given were an average of at least 3 results. If the 
diverse ion concentration was higher than the limits stated in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
98
Table XXXIII, then an isopropyl ether extraction of the gold 
from 6 normal hydrochloric acid can be carried out (53)- The 
amount of diverse ion extracted with the gold chloride must be 
keptbelow the diverse ion concentration stated in Table XXXIII. 
This was done for palladium(ll), platinum(lV) and nickel(ll). 
The results which were an average of 3 determinations are 
given in Table XXXIII. The gold concentration in this table 
was 2.4 ppm in 5O ml. The scale reading was set at 45-0 per­
cent transmittance with standard samples.
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TABLE XXXIII
EFFECT OF DIVERSE IONS ON THE NEPHELOMETRIC 
DETERMINATION OF GOLD
Gold Concentration 2.5 ppm in 5O Ml. 
Theoretical Reading 45.0
99
Ion
lon
Concen­
tration
ppm
Percent
trans­
mittance
Gold
Found
ppm
Devia­
tion
ppm
Limit
ppm
Na'^ 'fNaClO,, ] 100 46.0 2.53 +0.034 40 47.0 2.56 +0.06
K*[KC10 ] 100 45.0 2.50 0.00
70 45.0 . 2.50 0.00
24 46.0 2.53 +0.03
Be+2[Be(N0 ) ,3H_0] 5 46.0 2.53 +0.03 5
3 48.0 2.59 +0.09
Mg+^^MgtClO^)^] 40 57.0 2.86 +0.36
20 61.0 2.98 +0.48
10 52.0 2.71 +0.21
4 45.3 2.51 +0.01 4
2 43.0 2.44 -0.06
Ca+2[caSO^,2HgO] 20 60.0 2.95 +0.45
15 52.0 2.71 +0.21
10 45.0 2.50 0.00 10
6 45.0 2.50 0.00
Ba+2[Ba(N0 ) ] 40 60.0 2.95 +0.45
'-20 46.0 2.53 +0.03 20
15 45.0 2.50 0.00
Bi+3[Bi(N0g)2,5H20]
Cr+3[CrK(SO^)2,12HgO]
40 No development
20 No development
15 No development
15 58.0 2.89 +0.39
10 46.7 2.56 +0.06
5 44.3 2.48 -0.02
1 0
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TABLE XXXIII (continued) 
Mn+^^MnSO^j^HgO]
100
Re+7[RegOy]
Ag [AgNO ]
Fe+3[Fe(NO^)^,9H20]
Ru+3[RuCl ,HgO]
+8
Os °[OsO^]
Co+2[co(N02)2,6H20]
Pd+^^pdclg] 
Rh+3[RhCl ,3HgO]
Ir+3[-K^Ir(N0^)g]
Cd+2[3cdSO^,8HgO]
Ni+2[Ni(No^)2,6H20]
40 57.5 2.89 +0.39
20 56.0 2.83 +0.33
10 43.0 2.44 -0.04 10
5 45.0 2,50 ' 0.00
100 54.0 2.77 +0.27
40 56.0 2.83 +0.33
15 48.0 2.53 +0.03 15
10 45.0 2.50 0.00
60 . AgCl precipitated
20 No development
10 No development
7 No development
5 No development
20 49.0 2.62 +0.12 20
10 48.0 2.59 +0.09
5 47.0 2.56 +0.06
20 52.0 2.71 +0.21
15 57.3 2.80 +0.30
5 47.0 2.56 +0.06 5
4 46.0 2.53 +0.03
20 Brown Pd Complex
7 No development
6 34.0 2.17 -0.33
4 43.0 2.44 -0.06 4
3 45.0 2.50 0.00
2 45.0 2.50 0.00 '
40 65.0 2.10 +0.60
10 46.0 2.53 +0.03 10
5 45.0 2.50 : 0.00
20 69.5 3.29 +0.89
15 60.0 2.95 +0.45
5 46.0 2.53 +0.03 5
4 45.0 2.50 0.00
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Cu+Zj-cufSOj^ .HgO]
Zn+2[zn(N0g)2,6H20]
Hg+2[HgCl_]
T1 [TlgSO^]
Pb+2[pb(N02)2]
Te+4[TeCl^]
CrgO? ^[KgCrgOy]
20 70.0 3.25 +0.75
5 67.5 3.17 +0.67
3 48.0 2.59 +0.09 3
15 70.0 3.25 +0.75
5 46.0 2.53 +0.03 5
2 45.0 2.50 0.00
15 50.0 2.65 +0.15
12 46.0 2.53 +0.03 12
10 43.5 2.55 +0.05
5 46.0 2.53 +0.03
4 45.0 2.50 0.00
20 57.0 2.86 +0.36
15 45.0 2.50 0.00 15
10 45.0 2.50 0.00
5 45.0 2.50 0.00
60 73.0 3.34 +0.84
20 64.0 3.07 +0.57
15 66.0 3.13 +0.63
5 58.0 2.89 +0.39
3 46.0 2.53 0.03 3
1 45.0 2.50 0.00
22 46.0 2.53 +0.03 22
20 46.0 2.53 +0.03
15 44.0 2.47 -0.03
7 26.5 1.94 -0.56
5 33.5 2.16 -0.34
4 37.3 2.27 -0.23
3 44.0 2.47 -0.03 3
2 45.0 2.50 0.00
20 28.0 1.95 -0.54
15 42.0 2.41 -0.09 15
10 43.0 2.44 -0.06
40 39.0 2.38 -0.18
30 43.0 2.44 -0.06 30
20 47.0 2.56 +0.06
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TABLE XXXIII (continued)
-2PtClg [KgPtCl^jÜHgO]
CIO^ [KCIO^]
OAc [NaAc,3H 0]
F [NaF]
Cl [NaCl]
Br“ [KBr]
I [Kl] 
NOg"[KNO ]
6o 80.0 3.55 +1.05
15 - 78.0 3.49 +0.99
8 46.0 2.53 +0.03
5 45.0 2.50 0.00
3 45.0 2.50 0.00
2 45.0 2.50 0.00
430 48.0 2.59 +0.09
250 45.0 2.50 0.00
24 45.0 2.50 0.00
40 No development
20 32.0 2.06 -0.39
15 37.0 2.26 -0.24
10 43.0 2.44 -0.09
8 43.0 2.44 -0.09
32 15.0 1.60 -0.90
15 32.0 2.11 -0.39
10 36.0 2.23 -0.27
5 37.0 2.26 -0.24
4 40.0 2.35 -0.15
3 44.0 2.47 -0.03
1 45.0 2.50 0.00
40 25.0 1.90 -0.60
20 25.0 1.90 -0.60
15 35.0 2.20 -0.30
10 41.0 2.38 -0.12
6 45.0 2.50 0.00
4 44.0 2.47 -0.03
40 No development
100 54.5 2.80 +0.30
70 45.0 2.50 0.00
■25 45.0 2.50 0.00
20 No development
100 50.0 2.65 +0.15
60 44.0 2.47 -0.03
40 45.0 2.50 0.00
102
8
10
10
70
60
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H P 0 ^ “ ^ [N a 2 H P 0 ^ ]
103
EDTA[Na-salt]
Citrate[Na-salt]
40 No development
10 50.0 2.65 +0.15
8 44.0 2.47 . -0.03 8
3 43.0 2.44 -0.06
100 10.0 1.95 -1.05
40 31.0 2.08 -0.42
30 31.0 2.08 -0.42
20 34.0 2.17 -0.33
15 44.8 2.49 -0.01 15
10 • 46.3 2.54 +0.04
60 No development
20 32.0 2.11 -0.39
15 42.5 2.43 -0.07 15
10 45.0 2.50 0.00
15 No development
10 43.0 2.44 -0.06 10
5 46.0 2.53 +0.03
2 45.0 2.50 0.00
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T A B LE  X X X IV
RESULTS OF ELIMINATION OF INTERFERENCES 
Gold Concentration 2.4 ppm in 5O Ml. Theoretical Reading 45*0
Ion
Ion
Concen­
tration
ppm
Percent
trans­
mittance
Gold
Found
ppm
Devia­
tion
ppm
Limit
ppm
Bi+3[Bi(N0 ) ,5H_0] 12 38.0 2.19 -0.21
10 40.0 2.35 -0.15
8 42.0 2.31 -0.09 8
6 43.5 2.35 -0.05
4 44.0 2.37 -0.03
2 45.0 2.40 0.00
Fe+3[Fe(N0 ) ,9H 0] 10 10.0 1.35 -1.05
8 32.0 2.01 -0.39
5 41.0 2.29 -0.12
4 42.0 2.31 -0.09 4
Ru’*’3[RuC1„,H 0] 20 No development
10 33.5 2.12 -0.33
5 44.5 2.38 -0.02 5
Br“ [KBr] 18 37.0 2.16 -0.24
12 42.0 2.31 -0.09 12
8 43.0 2.34 -0.06
4 44.5 2.38 -0.02
r[KI] 40 30.5 1.96 +0.44
18 45.0 2.40 0.00 18
16 47.0 2.46 +0.06
12 47.0 2.46 +0.06
8 44.0 2.37 -0.03
Rd+^^pdclg] 100 45.0 2.40 0.00
Pt+^^KgPtClgjÔHgO] 100 48.1 2.49 +0.09
Ni+Z^NiClg.GHgO] 100 38.0 2.19 -0.21
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DISCUSSION
In the present work, the application of di-2-thienyl- 
ketoxime to nephelometric determination of microgram quantit­
ies of tervalent gold was investigated. The reaction between 
gold(lll) ions and di-2-thienylketoxime was studied to deter- 
such factors as stabilizing reagent, effect of pH, time of 
standing, optimum concentration of reagents, temperature, 
effects of dioxane concentration, effect of various concen­
trations of other ions on the reaction and the elimination 
of interferences that occur.
Experimental investigations were carried out with the 
Model 7 Coleman Nepho-Colorimeter and certified Coleman 
nephelos standards were employed as generator solutions. One 
of the limitations of nephelometric determination is that the 
precipitates should be very fine and must not coagulate 
rapidly or settle rapidly. Protective colloids such as 
starch and gelatin are generally used to prevent this from 
happening. A 1 percent gelatin solution (8 ml. for 50 ml. 
volume) gave the best results. Constant readings were 
observed for at least a 1 hour time interval. One can obtain 
reproducible readings up to 1 day if one repeats the four
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minute stirring before taking the reading.
As chemical reactions and reaction rates are often-dependent 
on pH the amount of turbidity and stability of a colloidal 
suspension is affected by the variation of the pH of the 
sample. At a low pH a small amount of the suspended complex 
was formed. In the pH range 3.6 to 4.2 a relatively constant 
maximum reading was observed. Beyond this pH the turbidity 
again decreased rapidly.
It is important to determine the time required for 
complex reaction to occur. The work that was carried out to 
determine the effect of variation of time of standing showed 
that the reaction was completed after 5 or 6 hours of standing 
in the dark. The optimum time for development of the sus­
pension was stated at 6 hours.
Since the amount of reagent added can affect the suspen­
sion formed it was important to study the effect of reagent 
concentration. For 1.00 ppm of gold(ill) in 50 ml- constant 
readings were observed between 1.0 to 2.2 mg. of reagent; 
for 2.00 ppm gold(lll) 1.2 to 2.4 mg. of di-2-thienylketoxime 
and 1.4 to 2.5 mg. for 4.00 ppm. The amount of reagent that 
can be added for the range of 1-4 ppm gold(lll) was 1.4 to 
2.2 ppm with 2.2 probably not being an upper limit. For the 
procedure 2.0 mg. of reagent was chosen.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
107
since the amount of dioxane added affects the amount
?
of suspension developed it was important to study the effect 
of dioxane concentration on the developed procedure. The 
suspension readings were low for low concentrations of dioxane. 
At 0.8 ml. of dioxane to 1.2 ml. of dioxane constant readings 
were obtained. Beyond 1.2 ml. of dioxane the suspension 
reading decreased. This was due to solubility of the complex 
formed. After permitting the solutes to settle, the solution 
was found to be slightly yellow.
Since temperature is an important factor which generally 
affects a chemical reaction, the effect of variation of 
temperature on the suspensions of solutions having the same 
gold content were studied. The temperature range was 
20 - 25°C.
As it has not been possible to establish a theoretical 
formula connecting transmittance and concentration it was 
essential to use calibration curves obtained under the, same 
conditions of measurement. This was due to secondary scatter­
ing. Figure 1 shows a plot of transmittance in nephelos units 
versus concentration. Figure 2 shows a region that was 
relatively linear when one plots transmittance versus 
concentration. This linear region expanded over the 
entire transmittance range of chosen sensitivity was found to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
108
occur between 1-4 ppm gold(ill) in 50 ml.
Reproducibility data were gathered on 2.4 ppm gold(lll) 
by repeating eleven replicate samples. This was important 
to show that suspension was reproducibly formed under the 
conditions of the experiment. The relative standard deviation 
was -4 percent. For nephelometry this was considered to be 
within reasonable error limits.
To test the developed procedure a calibration curve was 
prepared and unknown samples were analysed. The values .
obtained compared favourably with the actual gold(lll)
content of the samples as shown in the results.
The amount of turbidity and stability of the colloidal 
suspension are greatly affected by the electrolyte concentra­
tion of the solution. Thus, the effect of diverse ions on 
the procedure was studied. Experimental results showed that 
the suspensions were sensitive to salt concentrations.
Limits were placed where possible. Bismuth(lll), iron(lll), 
ruthenium(lll), palladium(ll), rhodium(lll), silver(l), 
bromide and iodide interfered. For the cations, the singularly 
charged ones affected the suspension the least. For example, 
the procedure tolerated more than 100 ppm of sodium or
potassium. The higher positively charged cations were tolerat­
ed but in much lower concentrations. The plus three charged
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cations, except for iridium which probably exists as a 
negative nitrate species, all interfered. The suspension 
simply did not develop. The perchlorate, sulfate and 
nitrate anions can be tolerated above %0 ppm. The other 
anions have limits in the 10 to 30 ppm range except for 
bromide and iodide which formed complexes with gold and thus 
interfere. Fluoride can be tolerated to the extent of 3 ppm.
The elimination of the interferences mentioned above were 
primarily separation procedures. For example, bismuth(lll) 
was filtered as a white bismuthoxychloride, the iron(lll) as 
a yellow iron phosphate precipitate and bromide and iodide 
were eliminated as bromine and iodine. Palladium(ll) and 
gold(lll) chloride were separated by extracting the gold 
chloride into isopropyl ether leaving palladium(ll) behind 
in the 6 normal hydrochloric acid media. This may also be 
done to separate gold(lll) chloride from rhodium(lll) chloride, 
ruthenium(III) chloride and silver chloride. This separation 
technique can also be applied to samples containing foreign 
ions in excess of the limits stated in Table XXXIII. This 
was demonstrated by separating 100 fold excess of palladium(ll), 
nickel(li), and platinum(iv) from gold(lll) chloride and 
determining the gold after separation. The results are given 
in Table XXXIV. The error based on these determinations was
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- 10 percent as versus - 4 percent. This was expected since
the number of steps were doubled.
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 
In the present work, the application of di-2-thienyl- 
ketoxime to the nephelometric determination of tervalent 
gold in microgram quantities was very successful. The 
reaction between gold(ill) and the reagent to form the 
complex with its chemical composition similar to that 
isolated in Part II above was studied to determine such 
factors as effect of gelatin as a stabilizing reagent, 
effect of pH- time of standing to develop, optimum concen­
tration of reagent, temperature effects, optimum dioxane 
content, effect of foreign ions and methods to eliminate 
the interferences due to foreign ions. The optimum 
conditions taken.were, 8 ml. of 1 percent gelatin solution, 
pH range of 3*6 to 4.2 temperature range 20 - 2$°C., 0.8 
to 1.2 ml. of dioxane and 2 mg. of reagent to form the 
suspension. The gold(lll) concentration range was 1-4 ppm. 
Bismuth(lil), iron(lll), ruthenium(III), palladium(ll), 
rhodium(III), silver(l), bromide and iodide interfered but 
can be readily eliminated. An isopropyl ether extraction 
can be carried out if limits placed on ion concentrations 
are exceeded. The nephelometric determination of tervalent
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
112
gold was within the accuracy of most nephelometric procedures 
and was reproducible. In the platinum group of metals,
20 ppm of osmium as osmium tetroxide can be tolerated,
8 ppm of platinum hexachloride ion and 3 PPm of iridium 
added as the hexanitrate ion can be tolerated. The other 
platinum metals should be separated. The procedure may be 
applied to analysis of practical samples. An isopropyl 
ether extraction of the gold would probably be required.
The determination of gold(lll) nephelometrically was an 
interesting academic and laboratory challenge. The method 
may be useful for carrying out large numbers of determinations, 
as in routine or control analysis of gold samples and where 
great accuracy is not the prime consideration.
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